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Abstract
MgO-ZrO2 powder (MZ30) containing 30 wt% MgO was prepared by simple precipitation method. Two other 

catalysts were obtained by loading MZ30 powder with 5 wt% SrO and CsO using incipient wetness impregnation 
method. The catalytic performance of these catalysts was evaluated for synthesis of 2-amino-2-chromene via one pot 
three components condensation of benzaldhyde with malononitrile and α-naphthol. Different techniques such as N2 
physisorption, TGA-DTA, XRD, TEM, Hammet indicator method and CO2-TPD have been used to characterize the 
investigated catalysts. Reaction paameters such as reaction temperature, synthesis time and catalyst amount were 
studied to optimize the reaction conditions. The observed activity of these catalysts were correlated to their basicity 
and other surface parameters. Synthesis of 2-amino-2-chromene may involve moderate and strong basic sites of 
PKBH+ in the range ≥ 9.8 and ≤ 15.0. Base sites of PKBH+ are too weak to contribute in the synthesis processes.

Keywords: MgO-ZrO2 support; SrO; CsO additives; Chromene

Introduction
Synthesis of valuable compounds and pharmaceuticals can be 

carried out in the presence of both basic and acidic homogeneous or 
heterogeneous catalysts. Most of these processes were focused on the 
usage of homogeneous catalysts. It is well known that more than 1.6 
million tons of fine chemicals were produced worldwide every year 
using homogeneous base catalysts such as NaOH and KOH, almost 
30% of the selling price is for product separation, purification, recovery 
and waste treatment [1,2]. On contrary, heterogeneous catalysts have 
many advantages over their liquid counterparts such as they can be 
removed from reaction mixture by simple physical methods and can be 
reused several times after activation and cause fewer disposal problems, 
resulting in a more environmentally benign and economical process for 
the synthesis of fine chemicals. Therefore, the development of active and 
selective heterogeneous catalysts instead of conventional homogeneous 
ones has received much attention [3,4]. 2-Amino-2-Chromenes and 
their derivatives are of considerable interest as they widely employed 
as pigments, potential agrochemicals, and cosmetics and possess a 
wide range of biological properties such as anticancer, anticoagulant 
and antianaphylactic activity [5-7]. Currently the preparation of these 
compounds involves the three-component condensation of aldehydes, 
activated methylene compounds and activated phenols in organic 
solvents (i.e., acetonitrile, ethanol) using basic liquid catalysts such as 
piperidine [8]. In the past decade a considerable variety of relatively 
benign solid base catalysts such as basic Al2O3 [9] KF treated alumina 
[10], Ionic basic liquids [11] and MgO [12] have been studied for the 
synthesis of 2-amino-2-chromene. However most of these investigations 
are limited due to longer reaction time, moderate yields of the products 
and laborious workup procedure.

In the same context mixed oxides containing MgO catalysts are 
widely used as solid base catalysts in many catalytic processes such 
as aldol condensation [13-15], transesterification of triglycerides and 
biodiesel production [16,17]. However, to the best of our knowledge 
no study was devoted to the use of MgO-ZrO2 system as a catalyst for 
synthesis of 2-amino-2-chromene. The effects of thermal treatment 
and the doping with SrO and CsO on surface characteristics were also 
studied. The catalytic activity of these catalysts towards the synthesis of 
2-amino-2-chromene was evaluated. The synthesis conditions such as 
catalyst amount, reaction temperature and reaction time as a function 
of% chromene yield was also investigated.

Experimental
Catalysts preparation

MZ30 gel with 30 wt% MgO loading was obtained via co-
precipitation method by dissolving the required amount of magnesium 
chloride and zirconium tetrachloride in 500 ml of deionised water. The 
mixture was mixed homogeneously and allowed to precipitate using 
basic solution of 1M KOH. The addition of KOH was continued at 
room temperature with vigorous stirring until pH~10. The gel formed 
washed several times with deionized water till free from chloride ions, 
then drying at 110°C for 12 hrs. Four thermal products were obtained 
by calcination of MZ30 sample at 723, 823, 923 and 1023 K respectively. 
The four calcined samples herewith referred as MZ30I, MZ30II, 
MZ30III and MZ30IV respectively. For subject of comparison pure 
ZrO2 sample (Z) was also prepared and calcined with the same method. 
Two other samples doped with 5 wt% SrO or CsO were prepared by 
incipient wettness impregnation method. The obtained MZ30 gel was 
impregnated with aqueous solution of Sr(NO3)2 or Cs(NO3)2 containing 
the required amount of SrO or CsO. The obtained pastes were dried at 
110°C for 12 hrs, followed by calcination at 923K for 6 hrs. The two 
samples named as SMZ30III and CMZ30III respectively.

Catalyst characterization

Shimadzo DTA-50 thermo-analyzer was used to evaluate the 
thermal behavior of various uncalcined samples, while X-ray diffraction 
(XRD) patterns of the samples were recorded on PAN Alylical, Xpert 



Page 2 of 7

Citation: Kiwaan HA, Mohamed F, Elgindy HM, Mostafa MR (2017) MgO/ZrO2 Promoted with SrO and CsO as a Reusable Nano Catalysts for One 
Pot Synthesis of 2-Amino-2-Chromene. J Chem Eng Process Technol 8: 368. doi: 10.4172/2157-7048.1000368

Volume 8 • Issue 5 • 1000368
J Chem Eng Process Technol, an open access journal
ISSN: 2157-7048 

PRO diffractometer with nickel filtered Cu Kα radiation (1.5405°A). 
Identification of the crystalline phases was made with the help of JCPDS 
files. Surface area and pore size analysis were determined from N2 
adsorption at 77°K using Quantachrome, Nova "model 3200".

Surface morphology of the catalysts was observed by the help 
of a transmission electron microscopy [JEOL] while the product 
was characterized from its FTIR spectra by using a Jasco infrared 
spectrometer (model 410). The basic properties of the investigated 
samples were probed by CO2-TPD measurements. Prior to CO2 
adsorption 0.15 g of the sample was loaded in a quartz reactor between 
two quartz plugs and out-gassed for about 1 h at 180°C under a vacuum 
to eliminate surface contamination and then cooled down to room 
temperature in dry N2 for 1 h. Subsequently the samples were exposed 
to CO2 (10%CO2/N2) for 50 min followed by purging with dry N2 for 
30 min. TPD of the sample was estimated in a N2 gas at a flow of 25 ml/
min. with heating rate of 10°C /min from 25 to 800°C. The desorbed 
CO2 was converted to methane using hydrogen gas over a methanation 
catalyst (Ni/KieSelghur) at 673K which was monitored using flame 
ionization detector. For comparison, the base strength of the calcined 
samples was also examined using Hammett indicators method. The 
Hammett indicators used here were bromothymol blue (PkBH+=7.2), 
phenolphthalein (PKBH+=9.8), nile blue chloride (PKBH+=10.1) and 
2,4-dinitroaniline (Pk BH+=15). To measure the amount of basicity, 
the catalyst was mixed with a known concentration of HCl and the 
remaining concentration of HCl was measured by titration with NaOH 
and finally the amount of HCl equivalent to the catalyst basicity was 
obtained [18].

 Catalytic synthesis of 2-amino-2-chromene

In a typical exeperiment, a stoichiometric mixture of benzaldehyde 
(5 m mole), malononitrile (5 m mole), α-naphthol (5 m mole) and the 
desired amount of the catalyst was ball milled for 15 min. The resulting 
mixture was heated in a 50 ml round flask in a drying oven at the desired 
temperature. After completion of the reaction, 20 ml of methanol was 
added to the reaction mixture and refluxed for 10 min. The catalyst was 
removed by filteration and the excess of methanol was distilled off and 
the product was recrystallized from hot methanol and characterized 
from its melting point (209-210°C) and FTIR spectra.

The% yield of chromene was measured from the following equation:

(%) 100weight of productChromene yield
theoretical weight

= ×

Results and Discussion
Catalyst characterization

Prior to calcination, the thermal behaviour of the prepared samples 
was monitored by TGA/DTA (Figure 1). Evidently all the samples showed 
a significant weight loss extended from room temperature to a round 
400°C. This weight loss was accompanied by two successive endothermic 
peaks centered at ~75°C and 370°C respectively. The endothermic effect 
centered at ~75°C may reflect the loss of physisorbed water, while 
the peak centered at 370°C was attributed to the transformations of 
Mg(OH)2 to MgO. An additional endothermic peaks at at 570°C and 
615°C were also observed for CMZ30 and SMZ30 gels respectively, each 
endothermic effect was attributed to the decomposition of doping salt 
to its corresponding metal oxide, which was also found associated with 
weight loss stages as indicated from TGA diagrams (Figure 1). Moreover 
MZ30 gel showed an exothermic peak centered at 585°C which was 
related to the crystallization of amorphous zirconia to a tetragonal 

metalstable phase [19]. The position of this endotherm is slightly shifted 
to higher temperatures for CMZ30 and SMZ30 samples suggesting that 
the interaction of CsO or SrO with amorphous phase of zirconia may 
retards the crystallization process.

Figure 2 shows the XRD patterns of the MZ30 sample calcined at 
different temperatures. The XRD pattern of MZ30 sample calcined at 
723K shows a broadened line at 20=30.3°C indicating thus a poorly 
crystalline structure. But at higher calcination temperatures ≥ 823 K 
the XRD patterns of MZ30 samples show diffraction lines agree well 
with the tetragonal phase of crystalline ZrO2 [JCPDS No.27-997]. The 
presence of periclase MgO phase was not detected for all MZ3O calcined 
samples, indicating higher degree of incorporation of magnesium ions 
into the zirconia matrix. XRD pattern of pure zirconia sample obtained 
via similar procedure and calcined ≥ 923 K consists of tetragonal phase 
as well as monoclinic phase. This clearly demonstrates that the addition 
of magnesia to zirconia may stabilize the tetragonal phase and inhibit 
the growth of ZrO2 crystallites to a certain size compatible with the 
monoclinic phase. Figure 3 shows the effect of doping CsO or SrO on 
MZ30 gel and calcined at 923°K. The two samples exhibited XRD patterns 
almost similar to those observed in Figure 2 and only crystalline t-ZrO2 
phase was detected. No diffraction lines corresponding to strontium 
and cesium compounds were detected indicating good dispersion of 
strontium and cesium species in the MZ30 surface. It is also evident 
from Figure 3 that doping of MZ30 with 5 wt% CsO or SrO has no 
significant effect on the positions of t-ZrO2 reflection lines indicating no 
distortion in the structure of MZ30 sample caused by the incorporation 
of the two cations although the relative intensity of these diffraction 
lines decreased. It seems that the deposition of large strontium and 
cesium cations on the MZ30 surface may attenuate the characteristic 
lines of t-ZrO2 phase. Scherrer equation [20] was used to determine 
the crystallite size of the investigated samples using the diffraction line 
at 20=30.3 corresponding to t-ZrO2 phase. Crystallite sizes are found 
to be in the range of 15.8 nm-30.4 nm for all catalysts (Table 1). It is 
important to remark that the crystallite size of MZ30 sample increases 
as the calcination temperature increased from 823K up to 1023K. 
After crystallization at 823K, the particles continue to increase in size 
with increasing thermal treatment through the process of sintering as 
supported by the increase of intensity and narrowing of the diffraction 
lines. Table 1 reveals also that doping of MZ30 sample with 5 wt% CsO or 
SrO and calcined at 923K slightly affected its structural characteristics. 
Thus the two doped samples measured slightly lower values of crystallite 
sizes and degree of crystallinity than undoped MZ30II sample.

TEM images of some selected samples and their corresponding 
SAED patterns are shown in Figure 4. It can be seen from Figure 4 that 
all the samples consisted of nanoparticles and cannot be distinguished 
between MgO and ZrO2 particles. The SAED pattern of MZ30I showed 
that ZrO2 in the sample existed in an amorphous structure in agreement 
with XRD data. The images indicated also that the nanoparticles of 
MZ30II and MZ30III catalyst are of a regular spherical morphology, 
attached to each other along their boundries and showed the sponge-
like mesoporous network and the particle size is typically in the range 
of 7-32 nm. Furthermore from SAED patterns, the existence of a well-
crystallized tetragonal structure was also confirmed. The thermal 
treatment of MZ30 at 1023K (MZ30IV) resulted in an appreciable 
formation of agglomerates with relatively large particle size probably 
through the sintering process as complemented by XRD data.

The textural properties were measured from N2 physisorption 
measurements. The isotherms obtained at 77 K for MZ30 sample 
thermally treated at different temperatures (Figure 5) correspond 
in all cases to type IV according to IUPAC classification with H3 
hysteresis loops [21], suggesting that the porosity of the samples are 
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Figure 1: TGA (Dash Line) and TDA (Solid Line) of a MZ30, B, CMZ30 and 
SMZ30 gels.

Figure 2: XRD Patterns of MZ30 sample thermally treated at (a) 723, (b) 823, 
(c) 923 and (d) 1023K. 

mainly composed of mesopores. Textural parameters of all samples 
are listed in Table 1. As indicated from this Table 1, incorporation of 
Ca. 30 wt% MgO into ZrO2 lattice sample (blank support) decreased 
the surface area from 86 m2/g to 64.11 m2/g for the sample calcined at 
923K. Table 1 reveals also that the surface area of MZ30 continuously 
decreases with increasing the calcination temperature from 723 K to 

1023 K. This behaviour may be attributed to the sintering of ZrO2 at 
higher calcination temperatures as indicated from the increase of the 
crystallite size of t-ZrO2 as the calcination temperature increased. The 
total pore volume of MZ30 sample shows a decrease from 0.215 to 0.127 
ml/g with rising the calcination temperature from 723 K to 1023 K. At 
the same time, the mean pore radius shows an increase from 23.3 A° 
to 89.3 A° as the calcination temperature increased. Table 1 indicates 
also that addition of 5 wt% of CsO or SrO to MZ30 sample slightly 
affected its surface characteristics. To differentiate between the types 
of the existing pores and to calculate the surface areas (m2/g), the 
method suggested by de Boer et al. [22] was also used. The Vl-t plots 
revealed the predominance of the mesopore structure for all samples 
under investigation. Figure 6 shows the pore size distribution curves 
of some selected samples obtained from the analysis of the desorption 
branches of the isotherms based on BJH (Barrett-Joyner-Halenda) 
model. Evidently, relatively narrow pores lies in the mesopore range 
and located at 3-10 nm were observed for all samples.

CO2-TPD profiles of pure ZrO2, MZ30, SMZ30 and CMZ30 samples 
calcined at 923 K are presented in Figure 7. Whereas the concentration 
of basic sites as obtained from acid titration method and strength 
distributions of these sites as estimated from Hammett indicator method 
are listed in Table 2. The strength of basic sites were classified according 
to their different carbon dioxide desorption temperature TD, to weak 
(TD <200°C), medium (200<TD<600°C) and strong (TD>600°C) [23]. 
Pure ZrO2 calcined at 923 K (ZIII sample) showed only carbon dioxide 
desorption peak at 135°C related to the presence of bicarbonates (weak 
basic site) with PKBH+ ≤ 7.2 (Figure 7). However incorporation of 30 

 
Figure 3: XRD Patterns of MZ30III, (b) SMZ30III and (c) CMZ30III samples.
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wt% MgO to ZrO2 induces an increase in the density of basic sites. The 
TPD profile shown in Figure 7 indicates that MZ30III contains three 
main CO2 desorption peaks at 135°C, 275 and at 415. The peak located 
at 135°C is attributed to the interaction of CO2 with weak base sites 
while those observed at 287 and 415°C can be attributed to the presence 
of bidentate carbonate (bridged and chelating) related to the presence 
of medium strength base sites, probably generated due to the presence 
of Mg2

+ - O2
- pair sites. The concentrations of these sites were found 

to increase as the calcination temperature increased (C.F column of 
Table 2). This trind may be due to the formation of defects due catalyst 
restructing at higher temperature [24]. However no variation in the base 
site strength was observed as a result of increasing thermal treatment. 
All samples measured base strength of pKBH+ ≤ 9.8. Loading MZ30 
gel with 5 wt% CsO or SrO and calcined at 923 K evidently improved 
its basic property. Several changes can be observed in the TPD profiles 
of the two samples (Figures 7). The peak corresponding to the weak 
basic sites presented in the TPD profile of MZ30III sample completely 
disappears. Furthermore, the incorporation of the two metal oxides 
onto MZ30 also leads to a substantial increase of medium strength basic 

sites in the following order CMZ30III>SMZ30III>MZ30III, similar to 
that of the total basicity. Finally an additional two peaks are observed 
in the TPD profiles of SMZ30II and CMZ30II samples in the region 
of strong basicity (TD>600°C). This might be due to the presence of 
monodentate carbonates (strong basic sites), probably correspond to 
isolated O2- anions located in a particular position of the mixed oxides 
surface [24]. The base strength of the two samples fell in the range of 
10.1 ≤ PHBH+ ≤ 15.

Catalytic synthesis of 2-amino-2-chromene
The effect of various reaction parameters such as reaction 

temperature (RT), catalyst amount (CA) and synthesis time (ST) on 
catalytic performance was studied to optimize the conditions for 
maximum chromene yield. MZ30III catalyst was chosen for this study 
and the results were illustrated in Figure 8 and 8a illustrates the chromene 
yield over MZ30III catalyst as a function of reaction temperature. The 
yield at ST of 60 min and CA of 150 mg was increased from 7% to 71% 
when the RT increased from 70°C to 100°C. Increasing RT to 110°C 
also provided high yield closer to that at 100°C. A further increase in 
RT beyond 110°C greatly lowered the chromene yield (42% at 130°C). 
The effect of CA on chromene yield was also measured (Figure 8b). The 
amount of MZ30III catalyst was varied from 50-250 mg for the reaction 
at 100°C. The yield obtained at ST of 60 min increased from 27% to 
71.0% when the CA was increased from 50 mg to 150 mg. Using CA 
beyond 150 mg up to 250 mg resulted in similar chromene yield. It is 
well known that the ST is also an important factor affecting the yield 
of product obtained. Accordingly set of experiments with MZ30III 
catalyst was also carried out under synthesis time varying from 30 min 
to 120 min Figure 8c. It is evident from Figure 8c that the yield increases 
as the ST increased to a point at which the maximum yield (71%) was 
reached at 60 and 90 min. A further increase in the synthesis time to 
120 min led to reduce the yield obtained. Thus from the above results 
it seems that RT of 100°C, CA 150 mg and ST 60 min. appear to be 
an appropriate reaction conditions for the synthesis of chromene with 
MZ30III catalyst.

The results obtained for the synthesis of chromene over the 
prepared catalysts at the optimized conditions are listed in column 5 
of Table 2. Including also in this table the corresponding values of total 
basicity obtained from acid titration method and their basic strengthes. 
The data presented in Table 2 reveals the following:

(i) Pure zirconia calcined at 923 K was found inactive for catalyzing 
this reaction under our reaction conditions. This may be attributed to 
the presence of only weak basic sites on pure zirconia surface (Figure 7).

Figure 4: TEM images of some selected samples.

Figure 5: N2-physisorption measurements of (a) MZ30I, (b) MZ30III and (c) 
MZ30IV samples.

Figure 6: The BJH pore size distribution of some selected catalysts.
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(ii) The addition of 30% MgO to zirconia led to the formation of at 
least the required active sites for the reaction to proceed as indicated 
from the enhanced catalytic activity of MZ30III catalyst. The MZ30III 
catalyst possesses mainly moderate basic sites with low amount of 
weak basic sites. The moderate basic sites are generated due to the 
interaction between MgO and ZrO2. It seems that synthesis of chromene 
necessitates at least moderate basic sites of pKBH+ ≥ 9.8 while the base 
sites of pKBH+ 7.2 are too weak to contribute in synthesis of chromene.

 iii) Columns 2 and 5 of Table 2 reveal also that the extent of the 
surface was not an important parameter in the synthesis process. 
Moreover the synthesis ability increased with a decrease in the surface 
area.

(iv) The data including in Table 2 indicates also that SMZ30III and 
CMZ30III catalysts possess remarkably higher activities than MZ30III 
catalyst. This can be attributed to the presence of moderate base sites as 

well as the presence of strong base sites generated on the catalyst surface 
as a result of loading MZ30III with 5 wt% SrO or CeO. Therefore, one 
can be concluded that medium and strong base sites with suitable 
amount of basicity are responsible for the high yield of chromene under 
the present investigation.

Reusability tests

The recovery and repetitive use of catalyst is an important 
characteristic from industrial view point. Reusability tests of catalysts 
calcined at 923 K were carried at optimum reaction conditions 
(RT=100°C, ST=60 min and CA=150 mg). Upon the completion of the 
first run the catalyst particles were recovered washed three times with 5 
ml portions of methanol and dried at 115°C for 2 h and reused for the 
next run for chromene synthesis. The yield of chromene was determined 
after each run and the results are illustrated in Figure 8. As indicated 
from Figure 8 for all the three runs about 10% of % chromene yield 

 
Figure 7: CO2 – TDP profiles of samples calcined at 923 K. (BC: bicarbonate; BDC: bidenate carbonate; UDC: unidentate carbonate).

Figure 8: %yield for MZIII catalyst as a function of (a) RT (°C), (b) CA (mg) and (c) ST (min).
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Sample Crystallitate size (nm) SBET (m2/g) St (m2/g) Smicro (m2/g) Smeso (m2/g) VP (ml/g) r (A)
Ziii 15.8 86 83 - 83 0.204 28.6

MZ301 - 185 187 39.1 147.9 0.215 23.3
MZ3011 17.4 111.4 104 - 104 0.195 35.2
MZ30111 23.3 64.11 63.2 - 63.2 0.175 54.7
MZ301V 30.4 28.7 30.2 - 30.2 0.127 89.3
S/MZ30lll 22 60 61 - 62 0.17 48

C/MZ30111 21.6 58 60 - 57 0.168 50

Table 1: Crystallite size and textural properties of tested samples.

Sample SBET (m2/g) Total (basicitY'a) (m.mole g) Base strength (PKsH+) Chromene yield (%) (b)
Ziii 86 0.2 7.2 O (No reaction)

MZ301 185 1.333 7.2-9.8 50
MZ3011 111.4 1.83 7.2-9.8 63
MZ30lll 64.11 2.666 7.2-9.8 71

MZ301V 28.7 2.766 7.2-9.8 71
S/MZ30111 60 3.33 9.8-15 95
C/MZ30 lll 58 3.36 9.8-15 97.8

a-As measured from acid titration method; b- Yield refers to the pure isolated product
Table 2: Basicity and % Chromene yield of catalysts calcined at 923 K.

was reduced at the end of the third run for each catalyst suggesting 
that the tested catalysts were catalytically stable. The reduction in the 
yield after each run may be due to the leaching of active species in the 
reaction medium [25]. However, no diffraction lines corresponding 
to the presence of SrO and CsO were detected by XRD indicating the 
good dispersion of the two cation species on MZ30 support. Among 
the three catalysts tested, C/MZ30III catalyst showed the best catalytic 
performance this catalyst possess the greater quantity and also variety 
of basic sites with base strength in the PKBH+ range of 9.8 and 15. The 
results indicated also that the synthesis of chromene necessitates at least 
base sites with moderate strength (pKBH+ ≥ 9.8) and weak base sites 
with pKBH+ ≥ 7.2 are too weak to contribute in synthesis of chromene.

Conclusion
MZ30III as a solid base catalyst and as a support was prepared by a 

simple copreciptation method while SMZ30III and CMZ30III catalysts 
were prepared by the wet impregnation method followed by calcination 
at 923K for 4 h. The prepared catalysts showed an excellent catalytic 
activity for synthesis of 2-amino-2-chromene. The characterization 
studies showed that Sr(NO3)2 and Cs(NO3)2 precursors were converted 
to SrO and CsO upon heating up to 923K, however no diffraction lines 
corresponding to the presence of SrO and CsO were detected by XRD 
indicating the good dispersion of the two cation species on MZ30 
support. Among the three catalysts tested, C/MZ30III catalyst showed 
the best catalytic performance this catalyst possess the greater quantity 
and also variety of basic sites with base strength in the PKBH+ range 
of 9.8 and 15. The results indicated also that the synthesis of chromene 
necessitates at least base sites with moderate strength (pKBH+ ≥ 9.8 
and weak base sites with pKBH+ ≥ 7.2 are too weak to contribute in 
synthesis of chromene.
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